When following the membrane potential of Elodea densa leaf cells during a dark-light regime and analysing the different phases of the cycle, the pattern under boron deficiency resembled the one reported to occur after 3-(3,4-dichlorophenyl)-1,1-dimethylurea application. The potential in the dark slowly decreased (1, 12, 14, 17, 18, 20) . It is still a matter of controversy whether these differences in net uptake are the consequence of a reduced active transport system such as H+-pumping ATPases (14) or of a more or less general effect on membrane structure (13). The latter assumption is supported by the fact that in several cases of B deficiency lower flux rates for the ions K+, Rb+, and H2P04-were found (4, 17, 18, 20) , although a higher net efflux of K+ (23) ary events of B deficiency and lead to a better understanding of boron's role in plant metabolism.
When following the membrane potential of Elodea densa leaf cells during a dark-light regime and analysing the different phases of the cycle, the pattern under boron deficiency resembled the one reported to occur after 3-(3,4-dichlorophenyl)-1,1-dimethylurea application. The potential in the dark slowly decreased when transferring Elodea densa leaflets and Helianthus annuus roots to a B-free medium and increased in the same way after B was added again. Addition of vanadate to inhibit plasmalemma ATPases in part mimicked the effects of B deficiency. It is suggested that B directly or indirectly affects the formation of a proton gradient. The effect of B on proton secretion was observed in various experiments with Daucus carota cell cultures. The results are discussed with respect to the possible involvement of B in membrane function and transport processes.
One of the very first observations of a reduced ion uptake under boron deficiency was made by Rehm (15) with Impatiens balsamina. Since that time, in several articles different authors have suggested a more or less direct involvement of B in plasmalemma-bound transport processes for higher plants and diatomaceous species (1, 12, 14, 17, 18, 20) . It is still a matter of controversy whether these differences in net uptake are the consequence of a reduced active transport system such as H+-pumping ATPases (14) or of a more or less general effect on membrane structure (13) . The latter assumption is supported by the fact that in several cases of B deficiency lower flux rates for the ions K+, Rb+, and H2P04-were found (4, 17, 18, 20) , although a higher net efflux of K+ (23) or no influence on ion fluxes (13) have been observed as well.
As early as 1945, Lundega'rdh (10) stated that B "increases the acidity of the surface of the cytoplasma." Tanada (21) found an effect of B on the electric potential of red-light irradiated Vigna hypocotyls and observed B-induced differences with respect to the adhesion of Vigna root tips on negatively charged surfaces (22 ,uE m-2. s-'. Temperature fluctuations between dark and light phases were c 1°C under our experimental conditions. Vanadate was supplied as Na3VO3 in the concentrations indicated in the tables.
Ferricyanide Reduction
The initial ferricyanide concentration was adjusted to 1 mM K3Fe(CN)6. An aliquot of about 1.5 to 2.0 g of cells (fresh weight) was suspended in a 100 mL solution to start the experiments. Aliquots were taken from the gently stirred solutions at 30 min intervals and the cells were removed by filtration through purified cotton wool or several layers of filter paper (Schleicher & Schull, White Ribbon). Ferricyanide reduction was monitored photometrically at 420 nm and the pH was measured by an Orion-Ross semimicro electrode.
Proton Release
In a further set of experiments, proton release was followed by automatically registering the pH every 5 min in a Solartron Datalogger. The temperature in these experiments was controlled to about 22 to 24'C, and the cell suspensions were stirred by bubbling C02-free air through the solutions. Cell cultures which were used in these experiments have been kept for 3 to 4 weeks in solutions containing 10 ,M B(OH)3. The experiments started about 30 to 40 min after separating the cells from their preculture medium (this time was needed for rinsing the cells and adjusting the whole device). The experiments were carried out in quadruplicate.
Boron Determination
Where necessary, boron was determined by ICP-plasma emission spectrometry either directly in the solutions (sensitivity better than 0.1 sg/mL) or after concentration (plus addition of mannitol to avoid losses caused by evaporation of boric acid) and wet ashing in covered PTFE crucibles.
Statistics
The influence of B on the membrane potential in different phases of the dark/light cycles was analyzed statistically for the parameters indicated in Figure 1 by variance analysis and Duncan's multiple range test. For all other experiments, treatments were compared by the t-test.
RESULTS
The resting potential in the dark was lowered in the cells of Helianthus roots (Table I) and Elodea leaflets (Table IIA, column a) when transferred from 10 ,M B(OH)3 to essentially B-free media for 20 h. As far as could be recognized, the potential decreased steadily and recovered slowly to approximately the same level after adding B again (Table I , data of Elodea not shown). We were unable to detect major breaks or rapid changes of the membrane potential as a consequence of the changes in B supply. The observed potentials of Helianthus roots were relatively low, which might be attributed to the comparatively low concentration of the nutrient solu- Figure 2A . In as few as 20 min after removing B, the following changes were observed (see also Fig. 1 ): (a) an increased lag phase for the rise of the potential after turning the light on; (b) a reduced rate of potential increase after illuminating, especially during the second part of this phase; (c) a loss of the transient hyperpolarization before reaching the equilibrium potential in the light; (d) a lower depolarization rate toward the resting potential in the dark. These differences persisted as long as B was withheld from the nutrient solution. When adding B again, it took about 18 to 24 h until the shape of the potential curve equaled the original one (Fig. 2B) . Especially, the second phase of the light-induced increase in Em (Fig. 1, b) recovered only slowly.
After the addition of Na3VO3 to inhibit plasmalemma-Plant Physiol. Vol. 90, 1989 bound ATPases, the light-induced increase of Em was delayed (Fig. 1, f (Fig. 3) . The show the differences to be significant according to the t-test at the 5, 1, and 0.1% level, respectively.
the possible effect of B on anion uptake (4, 18 (Fig. 3) ., although the B effect was more pronounced in the presence of ferricyanide (Fig. 3) or when Fe was omitted from the nutrient solution (Fig. 4) . Results of preliminary experiments with the pH stat method revealed that B deficiency increased the proton uptake independently from the accompanying anion within 2 h after starting the deficiency treatment (our unpublished results). It is also noteworthy, that the equilibrium-pH (i.e. where proton release equals proton uptake) in our experiments was higher for Bdeficient cells (see e.g. Fig. 4 ). l0`mol H+ g-' (fresh weight), whereas the total supply of B amounted to about 5. 10-6 mol B(OH)3 g-(fresh weight), and the B concentration of the nutrient solution did not vary significantly during the time course of the experiment (data not shown). It is noteworthy that in our experiments the effect of B on the proton extrusion was especially pronounced in Fe-free solutions, i.e. conditions where H+ extrusion is known to be highly stimulated, at least in Fe-efficient species (19) .
The mechanism(s) by which B may influence membrane potential and proton movement through membranes are still subject to speculations. It was hypothesized that B(OH)3 increases the electron transport rate in phytochrome-mediated reactions (22) . In agreement with these assumptions, there is a striking similarity in the pattern of the membrane potential under dark/light regimes between B-deficient Elodea and the ones that have been treated with DCMU, an inhibitor of electron transport (2) .
In actually running pH stat experiments with auxin-heterotrophic cell cultures, we found that the effect of B on net proton release as well as proton uptake was strictly dependent on the presence of auxins (our unpublished results). Besides boron's influence on peroxidase/IAA-oxidase activities (5, 6), a similar interaction between auxins and B has been found for the rooting of mung bean cuttings (8) . B may either affect the cellular distribution of auxins (6) or even somehow regulate their action. The effects of B deficiency on Em and proton release are in agreement with earlier observations ofa reduced phosphate efflux (4). It is very likely, that these differences will influence the distribution of substances like acidic plant growth regulators (e.g. auxins) as well.
Experiments are under way to further examine boron's influence on mechanisms related to proton movement in membranes such as membrane resistance, cytosolic pH, anion uptake, and auxin metabolism.
